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DISCUSSION ON "THE CURRENT TRANSFORMER, AT NEW YORK,
SEPTEMBER 28, 1906.

L. T. Robinson: We have recently been working with cur-
rent transformers, using a somewhat different method from that
given by the author of the paper; that is, instead of determining
the exciting current and the internal losses in the transformers
by mneans of a ballistic galvanometer, we have, by means of sen-
sitive alternating-current dynamometers, determined these
values directly, and have been able to get a fair agreement be-
tween these values and' those obtained with the ballistic
galvanometer. In this connection the effect ofH wave distortion
is quite prominent. In makihg these iineasurements, if a re-
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sistance is included in series with the primary of the transformer
under test, the imapressed electromotive force on the transforme-r
itself is distorted, anld the current wave is distorted. Under
these conditions it is rather difficult to determine, not -just what
the exciting current is but what it would be ulnder the conditions

H-

of use.
Fig. I shows measu-rements which have been made by both

methods; these indicate that evren with the srnall resistance
losses in these delicate instrumnents, in comparison with the very
small losses ill trans:formers of this kind, the distortion is appre-
ci-able although not sufficient to destroy the value of the measure-
ments. The rincipal effect at_ high, denities i much above
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the full rated capacity of the transformer, which point is in-
dicated in the figure. In the experiments, the resistance and
inductance of the circuit containing the instruments was kept
constant throughout the limits of the test. The measurements at
higher densities can be made with much less impedance in
circuit, and hence with very much less distortion.

FIG. 2.-Upper curve exciting current 0.25 amnp. Vmca_n2. O on Fig. 1.
Lower curve potential across primary.

In series with trans. primary R= 10.0 and L= 0.01908.

Under the test conditions, several records have been taken of
the distorted waves Figs. 2, 3, 4, and 5, which may be of interest
both in connection with the paper on transformers, and in con-
nection with the discussion on wave distortion which has already
taken place.

Fig. 2 gives potential wave across primary of transformers and
exciting-current waves corresponding to point 0, on Fig. 1.

F'IG. 3.-Upper curve exciting current 0.S ampere. 02 on Fig. 1.
Lower curve potential across primary.

In series with trans. primary R = 10.0 and L= 0.01908.

Fig. 3 C. D., gives same at point °2
Figs. 4, 5, 6, and 7 at points higher up on curve.
The time has not been available to gather from these oscillo-

grams more than qualitive information tending to show that the
effect of wave distortion is of little account at lower values of
magnetization, through the range where the transformers are
normally used.
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Two points, O, and °2' have been corrected for distortion of
wave shape, giving 0, and 04.*

In connection with this subject the phase-angle between the
primary and secondary currents is in some cases of as great
importance as the ratio of the transformer, especially when
wattmeters are to be used and the power-factor of the circuit to
be tested is low. Exciting current has also been obtained by
determining with considerable accuracy the phase-angle and the
ratio of currents, and then deducing from this ratio of currents

FIG. 4.--Upper curve exciting current 0.5 ampere. Lower curve
potential across primary. Same as Fig. 2.

In series with trans primary R= 10 and 1L 0.001 (;4.

PIc:. 5.-Upper curve exciting current 1 ampere. Lower curve
potential across primary.

In series with trans. primary R = 10 and L=0.00164.

and the phase-angle between the primary and secondary, the
exciting current. This can be made to correspond un(ler rea-
sonable limits with the exciting current determined directly
by dynamometer instruments.

1.11*Observed alternating current volts X --- - corrected volts.
form -factor

Observed alternating-current amperes X amplitude-factor - corrected
amperes.

Referenice.-E.- Gumlich and P. Rose, Electrotechntische Zcitschrift, Jan-
uary 1, 1905, p. 503.
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In connection with this measurement of the phase-angle, it
may be of interest to explain what we have been doing. The
method is very simple and satisfactory and was developed by
my assistant, Ar. 0. Holz. Fig. 8 A, shows the transformer
primarv in whiclh is included the resistance R. The trans-
former secondary working on the load as shown, has included in

Fi(m. 6.-Upper curve exciting current 2 aniperes. L.ower curve
potential across primary.

In series wvith trans. primary R = 10 and L = 0.00 164.

its circuit the resistance r. Connected with the suppiy circuit
is a phase-shifting device to which in turn is connected the fixed
coil of one of the sensitive dynamometers to which reference has
been made. The moving coils of the dynamometer are now
connected to R by means of a double-throw switch, and using
the phase-shifter, adjust to a 90-degree relation (O deflection)

FIG. 7. Upper curve exciting current 3 amperes. Lower curve

potenitial across primary.
In series with trans. primary R.= 10 and L=0.001224.

between the current in the fixed coil and the current in the
moving coil The instrument is now sensitive to a change in
angle of either one of the currents. The moving coil of the
dvnamometer is quickly transferred by mear.s of the switch
to resistance r, and a deflection is obtained. By taking into ac-
count resistances R and r, the current value in the primary and
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the secondary sides of the transformer, and the current in the
fixed coils, the angle between the current flowing through R and
r is readily deduced. The following formula may be used:-

Sin _eu wattmeter reading expressed in watts
IfXr'i

If= current in fixed coil.
ri= volts drops in resistance r.

This test is somewhat more readily accomplished using
two reflecting wattmeters, as shown in Fig. 8 B; in fact it is
usually made in this way.

Phitase Shifter

Secoa Relay

Current A mt

Transformer ,mmeter

Vaattmeter

Shuit Double-throw
R. ISwitch

-Moving Coil

iteft. Wuttmeter
-.I i,yed CoilAisosneter

FIG. 8a.

It is at times useful, in goilig along with work in which trans-
formers are used, to know the practical limit of the angle be-
tween the primary and secondary currents. Using the diagram
in about the same way as the author has drawn it, we have 21,
Fig. 9, secondary current, and if there is no reactance in the sec-
ondary it would lie in the direction E, but the cases in which
there is no secondary reactance are unusual. The appearance of
it will be more like the figure. The exciting current, J1, even under
the most unfavorable conditions where the energy component
of the core loss is small, would be about as shown. In practical
cases it is quite safe to consider that the angle C would not be
less than 135 degrees, in which case the effect of the exciting
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current in varying the ratio of transformation would be almost
the same as in varying the phase-angle. As a limiting value
it is pretty safe to say that a transformer which would have one
per cent. error at any point in ratio, would also have an angle
between the primary and secondary current not greater but
probably less than one whose sine or tangent is 0. 01.

Suppose in an actual case the ratio of transformation in a
certain transformer carrying a given load would be 1.02 (the
ratio of ampere-turns must be used here as transformers usually
have a few secondarv turns omitted). The practical limits
of the angle would be -= sin-' 0.02 about onle degree. Such an

0

Ammeter Current
Cb ¢ Tr ansformea

Relay

FIG. 8b.

angle would cause an error due to phase-displacement of prac-
tically nothing at power-factor 1 and about 370 at power-fac-
tor 0. 5.
The iron in these transformers is employed at a very low

density. What iron will do at these low densities is not gener-
ally understood. The requirements are not necessarily met by
iron having the best characteristics for ordinary transformers.
Aside from anything which can be done in the way of designing
these transformers, the problem comes down to a question of
whether we can procure material having the necessary good quali-
ties at the density used for the core. The value of the whole device
depends on this core and it has been along this line we have been
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recently working to perfect the core as mnuch as possible. As
showing what can be accomplished in a transformer built of
material procurable in sufficient quantities to make trans-
formers commercially, your attention is directed to one of
several transformers which were recently made to meet some
special conditions (Fig. 10) in which, between one-tenth load
and full load, the maximum difference in ratio is hardly more
than one-half of one per cent., and between limits somewhat
greater than this, the deviation has been limited to one per cent.

12~~~~~~~~~~~~~~~~~~~1

FIG. 9.

It is also apparent from the diagram of the author that it is
possible, by properly arranging the power-factor of the
secondary load, to bring the phase of the primary and
secondary. currents into actual coincidence. In many cases
where very accurate work must be done with these transformers,
that is, where the conditions of the test are such that a wattmeter
cannot be directly applied, it is useful to understand this rela-
tion, and to control the power-factor of the secondary load so
that the primary and secondary currents come in line.
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When the power-factor of the secondary circuit, including
that portion of it which is within the transformer, is equal to the
power-factor of the core, the two currents, Io and I2, are in line
and the primary current I, is also in phase with the secondary
current reversed.
When the power-factor of the secondary is higher than that

of the core, (the usual condition) the secondary current leads
the primary: and conversely when the power-factor of the second-
ary is lower than that of the core, the secondary current lags
behind the primary. Such a condition is present at times when
the secondary load on transformers is largely made up of a relay.
It is on this account that the disturbing effect of comparatively
large inductive loads on current transformers is minimized, the
primary and secondary currents then being very nearly in phase,
and, although the ratio error is then a maximum, the total
error of a connected wattmeter is sometimes not greater than it
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FIG. 10.-E-15 Current Transformer, No. 418561, Spec. 106262,
Ratio 400: 1, % Accuracy on 25 Cycles. Secondary Load: Portable
indicating wattmeter an equivalent of 190 ft. leads of No. 10 B. & S.
copper. Volt-amperes, 14.0. Power-factor, 0.85.

would be if the relay were not included. By means of a knowl-
edge of the various quantities involved, the combined circuits
can be arranged to give the best results. In using current trans-
formers for laboratory testing, it is possible to obtain very ac-
curate results by computing current ratios from the exciting-
current curve, and by means of connections, as in Fig. SA or SB,
to adjust before each reading for 0 phase-angle between primary

and secondary the ratios then become 9+-0 directly, and the
1 2

correction for phase-angle disappears. Again, if potential trans-
formers are also used the proper phase-angle between primary
and secondary currents in t.he current transformers can be pro-
duced to compensate for the small phase-angle in the potential
transformer, thus allowing the true power to be directly deter-
mined from the instrument readings without correction for
phase-displacement in either transformer,


